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Summary  Late  adverse  events  including  late  stent  thrombosis  and  late  catch-up  phenomenon
after percutaneous  coronary  intervention  have  been  a  serious  clinical  problem  in  the  drug-
eluting stent  era.  Recently,  peri-stent  contrast  staining,  namely  extension  of  incomplete  stent
apposition  was  reported  following  drug-eluting  stent  implantation.  Here,  we  report  a  case  of
late incomplete  stent  apposition  with  late  stent  restenosis  3  years  after  sirolimus-eluting  stentOptical  coherence
tomography
implantation.  We  evaluated  this  restenotic  site  by  intravascular  ultrasound  (IVUS)  and  optical
coherence tomography  (OCT).  Though  IVUS  demonstrated  irregular  structure  within  stent  at  the
stenotic  site,  OCT  detected  unusual  bell-shaped  image  of  late  stent  restenosis  with  extension
of incomplete  stent  apposition.
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any  studies  have  shown  that  drug-eluting  stents  (DES)
epresented  by  sirolimus-eluting  stents  (SES)  markedly
educe  the  rate  of  target  lesion  revascularization  after  DES
mplantation  due  to  their  inhibitory  effect  for  neo-intimal
roliferation  [1].  On  the  other  hand,  the  occurrence  of  long-
erm  adverse  events  related  to  DES,  including  late  stent
hrombosis,  late  catch-up  phenomenon,  and  so  on  has  not
een  established.  In  particular,  thrombosis  and  aneurysm
 Published by Elsevier Ltd. All rights reserved.
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Figure  1  Serial  angiography  after  the  procedure  and  1  and  3  years  after  sirolimus-eluting  stent  (white  arrows)  implantation  in
the left  circumﬂex  coronary  artery.  Peri-stent  contrast  staining  (white  arrowheads)  was  observed  in  the  sirolimus-eluting  stent  1
year after  the  procedure,  and  focal  severe  stenosis  and  expanding  peri-stent  contrast  staining  were  observed  at  3  years.
Figure  2  IVUS  and  OCT  ﬁndings  3  years  after  the  procedure.  Both  IVUS  and  OCT  revealed  large  incomplete  stent  apposition
(white arrowheads)  and  ulcer-like  appearance  around  the  stent  struts  (red  arrowheads)  at  the  right  distal  site  of  stenosis  (A).  At  the
stenotic site,  only  OCT  clearly  illustrated  circumferential  detachment  of  the  intima  from  the  stent  (white  arrow)  at  the  stenotic  site
(B), and  was  not  observed  at  the  proximal  site  of  stenosis  (C).  IVUS,  intravascular  ultrasound;  OCT,  optical  coherence  tomography;
LCx, left  circumﬂex  artery;  LMCA,  left  main  coronary  artery;  SES,  sirolimus-eluting  stent.  (For  interpretation  of  the  references  to
color in  this  ﬁgure  legend,  the  reader  is  referred  to  the  web  version  of  this  article.)
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Figure  3  3-Dimensional  image  can  demonstrate  the  bell-
shaped  stenosis  (white  arrow),  large  incomplete  apposition
(white  arrowheads)  and  stent  strut  of  sirolimus-eluting  stent
(red arrowheads)  in  the  optical  coherence  tomography  image.
(For interpretation  of  the  references  to  color  in  this  ﬁgure  leg-
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elated  to  the  late  extension  of  incomplete  stent  apposi-
ion  (ISA)  have  been  reported  [2].  Although  these  events
re  rare,  these  are  clinically  important  problems  for  inter-
entional  cardiologists.  Recent  advances  in  intracoronary
maging  techniques  have  enabled  the  evaluation  of  morpho-
ogical  characteristics  with  high  resolution.  Notably,  optical
oherence  tomography  (OCT)  can  detect  precisely  coronary
laque  rupture,  vulnerable  plaque,  thrombus,  perioperative
icrodissection,  stent  apposition,  and  neointimal  coverage
f  stents  [3].
We  experienced  a  case  of  late  sirolimus-stent  restenosis
ith  extension  of  previous  ISA,  which  was  represented  by
nusual  ﬁndings  of  OCT.
ase report
 58-year-old  man  underwent  urgent  coronary  bypass
urgery  for  triple  vessel  disease.  Postoperative  angiography
howed  a  bypass  failure  of  vein  graft  to  left  circum-
ex  coronary  artery  (LCx).  Therefore,  a  3.0  mm  × 23 mm
ES  (CypherTM,  Cordis  Corp,  Miami  Lakes,  FL,  USA)  was
mplanted  from  the  left  main  coronary  artery  to  the  LCx
or  the  chronic  total  occlusive  lesion.  One-year  follow-up
ngiography  showed  peri-stent  contrast  staining  (PSS)  in  the
ES,  which  was  suggestive  of  ISA.  Three  years  after  the  pro-
edure,  coronary  angiography  was  performed  due  to  the
iagnosis  of  unstable  angina.
Angiography  showed  focal  severe  stenosis  in  the  SES  and
xpanding  PSS  at  the  just  distal  site  of  stenosis  (Fig.  1).  At
rst,  we  performed  OCT  (ImageWireTM,  LightLab  Imaging,
estford,  MA,  USA)  with  continuous-ﬂushing  method  [4]  to
valuate  the  form  of  stenosis  in  detail.  We  found  unusual
ndings  of  the  OCT  image  at  the  stenotic  site  (Movie  1).  At
he  distal  part  of  stenosis,  OCT  demonstrated  large  ISA  and
lcer-like  appearance  around  the  stent  struts  (Fig.  2A).  At
he  stenotic  site,  OCT  revealed  a  small  ring-structure  within
he  stent,  which  was  circumferential  detachment  of  the
ntima  from  the  stent  or  organic  thrombus  (Fig.  2B).  Sub-
equently,  intravascular  ultrasound  (IVUS)  was  performed
sing  a  40  MHz  IVUS  catheter  (AtlantisTM SR  Pro2,  Boston
cientiﬁc,  Natick,  MA,  USA)  and  motorized  pullback  at
.5  mm/s.  IVUS  demonstrated  focal  irregular  structure  with
lood  speckles  between  this  structure  and  stent  strut  at
he  stenotic  site.  But  ring-like  structure  shown  by  OCT  was
nclear  in  IVUS  (Fig.  2B).  For  this  severe  stenotic  lesion,  bal-
oon  angioplasty  was  performed  successfully.  To  date,  the
atient  remains  asymptomatic  and  event  free.
iscussion
lthough  many  cases  of  late  SES  restenosis  have  been
eported,  to  our  knowledge,  there  was  no  report  similar  to
CT  image  in  this  case  until  now.  We  performed  reconstruc-
ion  3-dimensional  imaging  to  express  detail  the  bell-shaped
mage  in  this  stenosic  site  by  using  OCT  (Fig.  3).  Although
VUS  could  detect  this  focal  restenosis  with  ISA,  ring-like
tructure  was  not  observed  as  vividly  as  with  OCT.  Nega-
ive/positive  contrast  method  might  help  to  estimate  this
tructure  in  more  detail.
The  exact  mechanism  of  this  unique  form  on  the  stenotic
ite  is  unclear,  but  postulated  mechanisms  include  intimal
t
o
wnd, the  reader  is  referred  to  the  web  version  of  this  article.)
issection  due  to  the  procedures,  detachment  of  intima
rom  the  stent  strut  or  detachment  of  organic  thrombus.
lthough  the  possibility  for  intimal  dissection  due  to  the  pro-
edures  was  undeniable  completely,  the  longitudinal  OCT
mage  (Fig.  2,  lower)  well  resembled  the  pre-procedure
ngiographic  image  (Fig.  1).  Moreover,  angiographic  mor-
hology  at  the  stenotic  site  did  not  change  before  and  after
VUS  and  OCT  procedures.  We  speculate  this  belled-shape
tenosis  was  not  intimal  dissection  due  to  the  procedures.
e  suppose  these  OCT  images  demonstrate  rather  detach-
ent  of  intima  than  organic  thrombus  because  the  tissue
ntensity  of  this  ring-like  structure  at  stenotic  site  was  simi-
ar  to  that  of  the  neointima  at  proximal  site  and  the  surface
f  this  structure  was  regular.  In  considering  a  possible  mech-
nism  of  detachment  of  intima,  vulnerability  of  the  intima
aused  by  persistent  inﬂammation  of  the  polymer  [5]  and
ome  turbulent  ﬂow  in  expanding  ISA  might  result  in  peeling
ff  the  intima  from  the  surface  of  stent  strut  completely.
CT-derived  morphologic  appearance  around  stenotic  site
ncludes  layered  pattern  (Fig.  2C),  which  might  be  related
o  the  presence  of  inﬂammation  around  the  struts  [6].  Sev-
ral  reports  have  shown  late  SES  restenosis  so-called  ‘‘late
atch-up  phenomenon’’  is  commonly  caused  by  proliferation
f  delayed  neointima.  This  OCT  ﬁnding  is  a clinically  inter-
sting  image,  which  possibly  illustrates  another  cause  of  late
atch-up  phenomenon.  Moreover,  detachment  of  the  intima
rom  the  stent  is  probably  related  to  late  stent  thrombosis.
etachment  of  the  intima  from  the  stent  leading  to  severe
n-stent  restenosis  with  ﬂow  reduction,  might  contribute  to
he  thrombus  formation,  whereas  the  ISA  might  be  a  trigger
f  stent  thrombosis.
We  experienced  the  unusual  late  SES  restenosis  which
as  caused  by  circumferential  detachment  of  the  intima
[[
[Unusual  late  sirolimus-eluting  stent  restenosis  
from  the  stent  3  years  after  the  procedure.  OCT  could  spec-
ulate  the  cause  of  unusual  late  stent  restenosis,  but  not
IVUS.
Appendix A. Supplementary data
Supplementary  data  associated  with  this  arti-
cle  can  be  found,  in  the  online  version,  at
doi:10.1016/j.jccase.2011.08.001.
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